The genus Neacomys includes 10 recognized species of Neotropical spiny mice in the tribe Oryzomyini. Five species have previously been reported from Peru, but the small-bodied Peruvian taxa remain unrevised. In this report, we present the first systematic and taxonomic revision of small-bodied Neacomys populations in Peru and describe two new species based on molecular, morphological, and karyotype data: (1) Neacomys rosalindae, sp. nov., from northeastern Peru, is distinguished from congeneric species by, among other differences, short incisive foramina with a wide maxillary portion of the septum, a small subsquamosal fenestra, and a karyotype of 2n = 48, FN = 50. (2) Neacomys macedoruizi, sp. nov., from central Peru, is distinguished by its gray-based ventral fur, large infraorbital foramen, and karyotype of 2n = 28, FN = 36, with a distinctively large pair of metacentric chromosomes. The results of our molecular analyses suggest that N. minutus (as currently recognized) is a species complex comprised of N. minutus sensu stricto, N. macedoruizi, and a third form that remains to be described. The other species described here, N. rosalindae, is the sister taxon to a cluster that includes the N. minutus complex plus N. musseri. Our data suggest that the upper Amazon River constitutes an important dispersal barrier for species in this genus.
INTRODUCTION
Neacomys Thomas, 1900 , is a genus of small oryzomine rodents characterized by having eight mammae, grooved spines in their dorsal fur, and typically grizzled yellowish-brown dorsal coloration. Ten species are currently recognized: N. amoenus Thomas, 1904 ; N. dubosti Voss et al., 2001 ; N. guianae Thomas, 1905 ; N. minutus Patton et al., 2000 ; N. musseri Patton et al., 2000; paracou Voss et al., 2001 ; N. pictus Goldman, 1912 ; N. spinosus (Thomas, 1882) ; N. tenuipes Thomas, 1900; and N. vargasllosai Hurtado and Pacheco, 2017 . Most species of Neacomys are Amazonian in distribution, although N. pictus occurs only in eastern Panama and N. tenuipes occurs in the Colombian Andes and northern Venezuela (Weksler and Bonvicino, 2015) .
Recent studies of Aniskin (1994) and Malygin and Rosmiarek (1996) described a new karyotype and morphological characteristics of a potentially new species of Neacomys from northeastern Peru, and subsequent molecular analyses of Neacomys (Patton et al., 2000; Catzeflis and Tilak, 2009; Hurtado and Pacheco, 2017) have shown that the diversity of species in western Amazonia has been underestimated. Additionally, these studies showed that the small-bodied forms do not comprise a monophyletic group, consisting of at least seven highly divergent taxa, of which three remain undescribed. One of these unnamed forms was informally called N. "sp. (clade 3)" by Patton et al. (2000) and occurs in northeastern Peru and eastern Ecuador. Patton et al. (2000) suggested that their "clade 3" might be the same as the undescribed species represented by Aniskin's (1994) and Malygin and Rosmiarek's (1996) specimens. However, no further studies have been carried out to confirm the taxonomic status of this still-undescribed form. Therefore, only two valid small-bodied species, N. minutus and N. musseri, are currently recognized from Peru (Weksler and Bonvicino, 2015; Hurtado and Pacheco, 2017) .
Neacomys minutus and N. musseri were originally described on the basis of morphological and molecular data from specimens collected south of the Amazon River, but Tirira (2007) subsequently reported N. "cf. minutus" from eastern Ecuador, and Hurtado and Pacheco (2017) reported N. minutus from the National Reserve Pucacuro in northeastern Peru (north of the Amazon). Nevertheless, based on the molecular results of Patton et al. (2000) , Tirira's and Hurtado and Pacheco's specimens are more likely to represent N. "sp. (clade 3)" instead of N. minutus. Moreover, Weksler and Bonvicino (2015) suggested that the molecular and morphometric differences between the "upriver" and "downriver" clades of N. minutus discussed by Patton et al. (2000) are evidence that these clades are distinct species. It therefore seems probable that N. minutus is a species complex. This inference is reinforced by our recent discovery of a new central Peruvian population of small-bodied Neacomys similar to, but apparently distinct from, N. minutus. Herein we provide morphological, karyotypic, and molecular analyses of small-bodied Neacomys from Peru to clarify their systematic and taxonomic status.
MATERIALS AND METHODS

Specimens Examined
We examined a total of 125 specimens of small-bodied Neacomys housed in the following institutions: AMNH, American Museum of Natural History, New York; FMNH, Field Museum of Natural History, Chicago; MUSA, Museo de la Universidad Nacional de San Agustín, Arequipa; MUSM, Museo de Historia Natural de la Universidad Nacional Mayor de San Marcos, Lima; MVZ, Museum of Vertebrate Zoology, University of California, Berkeley; and USNM, National Museum of Natural History, Smithsonian Institution, Washington, D.C. This morphological material is listed in appendix 1.
Cytogenetic Analysis
To obtain chromosomal samples we followed the methods described by Ford and Hamerton (1956) , Patton (1967) , Baker and Qumsiyeh (1988) , and Baker et al. (2003) with some modifications. The work was performed at the laboratory of cytogenetic and molecular systematics of the Universidad Nacional Mayor de San Marcos, Lima (MUSM). Live specimens were weighed and injected intraperitoneally with colchicine (0.1 ml/10 g). After 40 minutes, the animals were euthanized using ketamine (Halatal®KT, 10% ketamine) and measured for external dimensions (total length, tail length, hindfoot length, and ear length). The marrow cavity of the femur was flushed with warm (37° C) hypotonic solution (0.075 M of KCl). The resulting cell suspension was incubated at 37° C for 20 min in a centrifuge tube, centrifuged until a good pellet was obtained, and the supernatant was decanted. Carnoy's solution (3:1 ethanol:acetic acid) was then added to resuspend the pellet and fix the cell suspension. In the laboratory, the sample was rewashed with Carnoy's solution until the supernatant was clean. The slides were prepared and stained with Giemsa (2%). The slides were reviewed using a microscope with a built-in 5 MP Leica D750 camera. To construct the karyotype, 100 metaphase plates were revised for each individual. We determined the diploid number (2n) and the fundamental number (FN) for each species. The classification of chromosomes was based on Levan et al. (1964) and Patton (1967) . Slides are housed in the MUSM.
Molecular Analysis
We isolated DNA from small fragments of muscle tissues following the specific protocols of the DNA genomic isolation kit (GeneOn "Vivantis" GF-TD-100: 100 preps and THERMO: 50 preps). Isolated DNA was preserved at -20° C and used to amplify a fragment of 801 bp of the mitochondrial gene cytochrome b (cyt-b) by the polymerase chain reaction (PCR) with primers MVZ 005 and MVZ 016 (Smith and Patton, 1993) . Amplicons were sequenced by Macrogen, Inc (Seoul, South Korea). Sequence editing was performed using CodonCode Aligner v. 6.0.2. Sequences were translated to protein using the ExPASy web portal (http://web.expasy.org/translate/) to avoid artificial codons and to verify the correct edition of sequences. New sequences were uploaded to Genbank.
Phylogenetic analyses were performed using cyt-b sequences previously reported by Patton et al. (2000) , Catzeflis and Tilak (2009), and Hurtado and Pacheco (2017) , together with new sequences obtained in this study. In total, we analyzed sequence data from 108 individuals representing nine named species and the three undescribed forms that Patton et al. (2000) called "clade 3, " "clade 6, " and "clade 7. " Our selected outgroups included sigmodontine species in the tribes Akodontini (Akodon mollis), Oryzomyini (Oligoryzomys microtis, Oecomys bicolor, Micro-ryzomys minutus), and Thomasomyini (Thomasomys daphne, Rhipidomys macconnelli). All the sequences we analyzed (including ingroup and outgroup terminals) are listed in appendix 2.
Sequence alignment was executed with MEGA v. 7.0.14 using Clustal W (Thompson et al., 1997 ) with a final length of 801 bp. The best nucleotide substitution model was evaluated using jModelTest v. 2.1.7 (Darriba et al., 2012) with the Akaike Information Criterion (AIC). The best-fitting substitution model was GTR+I+G, which was implemented a priori in the Bayesian inference (BI) and maximum-likelihood (ML) phylogenetic analyses.
Bayesian inference was executed with Bayesian Analysis of Phylogeny (MrBayes v. 3.2.6 × 64; Ronquist and Huelsenbeck, 2003) consisting of two independents runs. Each run had 20 million generations with sampling at every 1000 generations. The standard deviation was 0.003 (less than 0.01) and the estimated sample size was 12298 (over 100), which indicate convergence of the analysis. The first 25% of samples were discarded, and the posterior probabilities at nodes with values equal to or greater than 95% were considered significant. ML analysis was carried out using the randomized accelerated maximum-likelihood algorithm (RAxML v 8.2.7; Stamatakis, 2014) . Nodal support was computed using 1000 bootstrap replicates. Bootstrap values >90% were considered strong support (Hillis and Bull, 1993; Catzeflis and Tilak, 2009) . Phylogenetic trees were edited in FigTree v. 1.4.2 and Inkscape 0.9. Uncorrected genetic distances (p-distances) were calculated with MEGA v. 7.0.14.
Morphological Terminology and Morphometric Analysis
We followed the terminology and measurements of external and craniodental features described by Patton et al. (2000) and Voss et al. (2001) . Characters of the molar dentition follow Reig (1977) . Age classification of the examined specimens is based on molar toothwear criteria described by Voss (1991) . The following external measurements were recorded (to nearest millimeter, mm) from specimen labels:
Total length (TL): measured from the tip of nose to tip of the terminal tail vertebra Tail length (TaL): measured from dorsal flexure at the base of the tail to the tip of the last vertebra Hindfoot length (HL): measured from proximal margin of the calcaneus to the tip of longest claw Ear length (EL): measured from notch to top of the pinna Head and body length (HBL) was subsequently calculated as the difference between total length and the tail length (HBL = TL -TaL)
Twenty-four measurements of the skull and dentition were taken with digital calipers and recorded to the nearest 0.01 mm:
Condylo-incisive length (CIL): measured from the anterior margins of the upper incisors to the posterior margins of the occipital condyles Zygomatic breadth (ZB): greatest breath across the zygomatic arches Braincase breadth (BB): greatest breath above and slightly behind the squamosal zygomatic processes Interorbital constriction (IOC): least distance across the roof of the skull between the orbits Rostral length (RL): from the tip of one nasal bone to the posterior margin of the zygomatic notch on the same side Nasal length (NL): the greatest anterior-posterior dimension of one nasal bone Rostral width (RW-1): measurement taken across the outside margins of the nasolacrimal capsules Rostral width 2 (RW-2): measurement taken at the premaxilla-maxilla suture Orbital length (OL): taken from the most anterior to the most posterior margins of the orbit Diastema length (DL): distance from the posterior face of the upper incisors to the anterior edge of M1 on the same side Maxillary toothrow length (MTRL): crown length of the maxillary toothrow Incisive foramen length (IFL): greatest length of one incisive foramina Palatal length (PL): distance from the posterior face of an upper incisor to the anterior margin of the mesopterygid fossa on the same side Alveolar width (AW): outside distance across the alveoli of the left and right first upper molars Occipital condyle breath (OCB): outside distance across the occipital condyles Mastoid breadth (MB): greatest width across the mastoid processes Basioccipital length (BOL): distance from the anterior margin of the foramen magnum to the basioccipital-basisphenoid suture Mesopterygoid fossa length (MPFL): midline distance from the anterior margin of the mesopterygoid fossa to the posterior tips of the hamular processes of the pterygoids Mesopterygoid fossa wide (MPFW): maximal width taken at the suture between the palatine and pterygoid bones. Zygomatic plate length (ZPL): measurement taken at midheight from the anterior to the posterior margins of the zygomatic plate Cranial depth (CD): measured by placing the skull on a glass slide, measuring the distance from the bottom of the slide to the top of the cranial vault, and subtracting the thickness of the slide Breadth of incisive foramen (BIF): greatest transverse dimension across both incisive foramina Breadth of the palatal bridge (BPB): measurement taken between the protocones of the right and left first maxillary molars Breadth of M1 (BM1): greatest crown breadth of the first maxillary molar Variables were assessed for univariate normality with Shapiro-Wilk tests. Sexual dimorphism was tested with a multivariate analysis of variance (MANOVA) based on the largest available population sample from northeastern Peru (N females = 31, N males = 36), but no significant differences were found (λ = 0.388, p >0.05). Therefore, the sexes were combined for subsequent morphometric analyses. We did not analyze morphometric variation among age classes because of the unbalanced numbers of specimens among toothwear categories (N age II = 8, N age III = 40, N age IV = 18, N age V = 1). Statistical analysis for geographic variation was performed with specimens of age classes III, IV, and V, all of which were considered adults (Voss, 1991; Rengifo and Pacheco, 2015) . Principal components analyses (PCA) and MANOVA were performed to evaluate differences between closely related species as determined by phylogenetic analysis. All analyses and graphics were executed in SPSS v 23 and SigmaPlot v10. Diagnosis: A small species of Neacomys distinguished from other congeneric taxa by its bicolored ventral fur (the individual hairs are white distally with gray bases); large infraorbital foramina; relatively long rostrum with nasal bones expanded anteriorly; relatively large nasolacrimal capsules; well-developed, straight, and posteriorly strongly divergent supraorbital ridges; large subsquamosal fenestra (almost half the size of the postglenoid foramen on each side of the skull); long subrectangular incisive foramina that extend posteriorly close to M1; narrow maxillary portion of the septum of incisive foramina; large posterolateral palatal pits (one on each side, each with small foramina inside); long and narrow bony eustachian tubes, mostly in contact with the basisphenoid bone; and anterocone with a deep anteromedian flexus.
RESULTS
Neacomys
Morphological description: The dorsal pelage of Neacomys macedoruizi is typically orange and sparsely streaked with black, especially on the middle back and the rump, and becoming paler (yellowish orange) along the sides. In the youngest specimen we examined (MUSM 45054), the color of the sides is darker (more orange). All specimens exhibit a narrow orange lateral line that separates the dorsal and ventral pelage. The ventral fur is superficially white from chin to anus, but the individual hairs are grayish basally, usually for about 10% of their length. The fur on the inner surfaces of the arms and legs have hairs that are gray for about 30% of their length. The genal, superciliary, and mystacial vibrissae are long, extending behind the pinnae when laid back alongside the head. The tail is slightly longer than the head and body, strongly bicolored (dark above, pale below) on its proximal half but unicolored (alldark) distally; there are 20 or 21 caudal scale rows per centimeter, and a small tuft of hair is present at the tip of the tail. The hind feet are small and narrow with six fleshy, rounded plantar pads; the dorsal pelage of the hind feet is white with a pale-brown spot over the metatarsals in some specimens. The digits are long and slender with white ungual tufts that exceed the claws in length, except on the first digit, which has a shorter tuft. The claw of pedal digit I only reaches the base of the first phalange of digit II, whereas the claw of digit V reaches the end of the first phalange of digit IV.
The skull is robust with a convex profile and appears teardrop shaped in dorsal view ( fig. 2 ). The nasal bones are expanded anteriorly, appearing somewhat spatulate. The zygomatic notch is comparatively large and deep. The lacrimals are small and almost rounded. The supraorbital ridges are well developed, and the interorbital region is straight and strongly divergent posteriorly. The carotid circulation conforms to pattern 1 (Voss, 1988: fig. 18A , B) with a distinct stapedial foramen, squamosal-alisphenoid groove, and sphenofrontal foramen. The sphenopalatine foramen is large. The subsquamosal fenestra and the postglenoid foramen are large apertures on each side of the skull, and the hamular process of the squamosal that separates them is long. The paroccipital processes are robust, slightly curved anteriorly and well separated from the auditory bullae ( fig. 3C ). The incisive foramina are long, narrow, and almost rectangular in outline; they extend posteriorly almost, but not quite, to the anterior alveolus of M1. The maxillary portion of the septum is narrow ( fig. 4C ). Only one deep, ovoid, and well-defined posterolateral palatal pit is present on each side, approximately level with the posterior alveolus of M3. The mesopterygoid fossa is narrow with a biconcave anterior margin, and it does not reach the posterior alveolus of M3. The lateral margin of the pterygoid plate is distinctly angular. The oval foramen is large. The auditory bullae are flask shaped, with long and narrow bony eustachian tubes. The carotid canal has a large aperture. In frontal view ( fig. 5A ), the infraorbital foramen is widely open, and the zygomatic plate is robust and slightly inclined outward.
The maxillary toothrow is short in relation to the diastema; the first upper molars are somewhat rectangular in outline. On M1, the anterocone is divided into distinct anterolabial and anterolingual conules by a well-developed anteromedian flexus; the anteroloph is always fused with the anterolabial conule, so the anteroflexus is not distinguishable (fig. 6D ); the mesoloph is straight, slender, and extends to the labial cingulum; the posteroloph is short, slim, and usually fused with the metacone on more worn teeth; the paraflexus and mesoflexus are long and deep; the metaflexus is long and convex; the posteroflexus is short and conspicuous only on unworn teeth, whereas the protoflexus and hypoflexus are very distinct. M2 is more or less square in occlusal outline and exhibits a distinct internal fossette; the anteroloph is long and very slim; the mesoloph is slim, almost straight, and reaches the labial cingulum; the posteroloph is very short and usually fused with the metacone on worn teeth; the paraflexus is well developed and long; the mesoflexus is short, whereas the metaflexus is long and deep. M3 is small, almost half the size of M2, and triangular in occlusal outline; this tooth exhibits a very short anteroloph, paraflexus, and mesoflexus, but other enameled structures are not evident.
On the mandible, the m1 anteroconid lacks an anteromedian flexid; the anterolophid is fused with the anteroconid; the mesolophid is usually not evident because it appears to be fused with the entoconid, and the posterolophid is also fused with the entoconid; the metaflexid is short; the mesoflexid is conspicuous; the entoflexid is absent or reduced to a small fossetid, whereas the protoflexid and hypoflexid are well developed. On m2 the anterolabial cingulum is very short; the protoflexid is short but distinct; the hypoflexid is long and deep; the mesoflexid is long; the mesolophid is usually fused with the entoconid; and the posterolophid is wide. On m3 the protoconid, metaconid, and hypoconid are well developed; the protoflexid is very short or indistinct; the hypoflexid is well developed; the mesoflexid is noticed but only as small fossetid; the posteroflexid is absent or very small, visible as a small fossetid; and the mesolophid and entoconid are indistinct and apparently fused with the metaconid and posterolophid.
Karyotypes: Conventional cytogenetic (Giemsa-stained) preparations of two specimens of Neacomys macedoruizi (MUSM 45053 and 45054, both males) revealed the lowest diploid and fundamental numbers known for the genus (2n = 28, FN = 36). The karyotype includes five pairs of metacentric autosomes (one large, one medium, and three small) and eight pairs of acrocentric autosomes (one large and seven small); the X chromosome is a medium-size submetacentric, and the Y chromosome is a small acrocentric ( fig. 7C) Distribution and sympatry: Neacomys macedoruizi is currently known only from the Tingo María National Park (province of Leoncio Prado, department of Huánuco, Peru). It was collected near the Puesto de Control 3 de Mayo on the road that leads to the "Salto del Ángel" waterfall. The local habitat corresponds to primary premontane rainforest and is characterized by medium-size trees (15-20 m high) and sparse understory vegetation growing on very steep terrain. The specimens were collected near water sources, close to the waterfall "Salto del Ángel" and adjacent to small ravines. At the same locality, we also collected a larger congeneric species, N. amoenus.
Comparisons: Based on size and morphology Neacomys macedoruizi could only be confused with two previously described western Amazonian species, N. musseri and N. minutus (table 2) . In external comparisons with N. musseri, the dorsal fur of N. macedoruizi is less streaked with black, especially on the rump; the ventral fur is gray based (versus pure white in N. musseri); and the tail is strongly bicolored basally with 20-21 scale rows per cm (versus weakly bicolored with only 16 scale rows per cm on average in N. musseri; Patton et al., 2000) . In cranial comparisons, N. macedoruizi has a primitive carotid circulation pattern (versus pattern 2 [Voss, 1988] in N. musseri), larger and deeper zygomatic notches, almost straight (versus strongly convex) lateral margins of the incisive foramina, flask-shaped (versus more globular) auditory bullae with longer (versus shorter and wider) bony eustachian tubes, and a seldomdistinct (versus well-developed) M1 anteroloph.
Neacomys macedoruizi is morphologically more similar to N. minutus but differs from that species by its gray-based ventral fur (the ventral fur is pure white in N. minutus), large (versus small) nasolacrimal capsules, wider infraorbital foramen, deeper zygomatic notches, incisive foramina with almost straight (versus convex) lateral margins, a deep (versus shallow) posterolateral palatal pit that is much closer to the posterior margin of the M3 alveolus on each side; and a deep (versus weakly developed) anteromedian flexus on M1.
Neacomys macedoruizi is easily distinguished from its sympatric congener N. amoenus by its smaller size (e.g., HBL <80 mm versus HBL >80 mm), more slender and smaller hind feet Remarks: Neacomys macedoruizi is the only species of the N. minutus complex that occurs in tropical premontane forest (the others inhabit tropical lowland forest) and is the fourth species that occurs at more than 1000 m after N. spinosus, N. vargasllosai, and Neacomys sp. (Patterson et al., 2006) , although the last taxon needs to be revised to verify its affinities with the species of small-bodied Neacomys.
Etymology: The species is named in honor of Hernando de Macedo Ruiz ( fig. 8) , curator of the collections of the former "Sección de Aves y Mamíferos" and erstwhile director of MUSM, who worked industriously to promote scientific research in Peru. Among his many achievements were the creation of the journal "Folia Biologica Andina, " the establishment of the "Estación Altoandina de Biología, " the rediscovery of the monkey Lagothrix flavicauda, and the enduring commitment he showed to the improvement of the Museo de Historia Natural (Lima, Peru).
Neacomys rosalindae, new species
Figures 3B, 4B, 5B, 6B, 6C, 9-11 Holotype: An adult male (age class IV) specimen housed in the Museo de Historia Natural de la Universidad Nacional Mayor de San Marcos (MUSM 44963) collected by Katherine Pino (original field number KPB 1600) on September 19, 2015. The holotype is preserved as skin, skull, and fluid-preserved carcass.
Paratypes: Thirteen male specimens (MUSM 33873, 33874, 33875, 33892, 33895, 33935, 44963, 44965, 44967, 44968, 44970, 44971, and 44973) and 12 females (MUSM 30350, 33889, 33894, (33896) (33897) (33898) 33934, 37678, 44962, 44964, 44966 , and 44969) preserved as skins, skulls, fluid-preserved carcasses, and skeletons.
Type locality: Peru: Department of Loreto, Province of Maynas, District of San Juan Bautista, Caserio Llanchama; 3°52′18.41′′S, 73°23′46.46′′W, 122 m above sea level.
Diagnosis: A small species of the genus Neacomys characterized by a delicate skull with a wide braincase; well-developed supraorbital ridges that are slightly curved as their lateral margins diverge posteriorly; short and subrectangular incisive foramina with a wider septum than in most other congeneric forms; a small subsquamosal fenestra (much less than half the size of the postglenoid foramen on each side), a short, stout hamular process of the squamosal; a semicircular postglenoid foramen; small, shallow posterolateral palatal pits; and a wide paraoccipital process that is closely approximated to each auditory bulla.
Morphological description: The dorsal pelage of Neacomys rosalindae is typically deep orange streaked with black, which is more concentrated on the middle back and the rump (figs. 9, 10). The flanks are pale yellow, sometimes with a narrow orange lateral line that clearly separates the dorsal and ventral pelage. The ventral fur is pure white from chin to anus as well as along the inner surfaces of the arms and legs. The genal, superciliary, and mystacial vibrissae are long and extend behind the pinnae when laid back alongside the head. The tail is slightly longer than the combined length of head and body, sharply or indistinctly bicolored, with 17-24 caudal scales rows per centimeter, and sometimes has a small tuft of hairs at the tip. The hind feet are small and narrow with five or six fleshy plantar pads (the hypothenar pad is reduced or absent). The dorsal pelage of the hind feet is white, usually with a more or less distinct spot of dark brown over the metatarsals. The toes are long and slender, with conspicuous white ungual tufts that are longer than the claws (except dI, which has a short, sparse ungual tuft). The outer digits are short, with the claw of digit I extending only to the base of the first phalange of digit II and the claw of digit V extending just halfway along the first phalange of digit IV.
The skull ( fig. 11 ) is delicate with a wide braincase that appears strikingly globose in dorsal view. The nasal bones are straight, without any conspicuous anterior expansion. The zygomatic notch is shallow. The lacrimals are usually conspicuous and rounded. The supraorbital ridges are well developed, and the interorbital region has lateral margins that appear slightly curved as they smoothly diverge posteriorly. The primitive carotid circulation (pattern I) is indicated by a conspicuous stapedial foramen, a squamosal-alisphenoid groove, and a sphenofrontal foramen on each side. The sphenopalatine foramen is small. The subsquamosal fenestra is small, but in one young specimen (age class II, MUSM 45725) it is somewhat larger than in other conspecifics. The postglenoid foramen is large and semicircular. The hamular process of the squamosal is usually short and proportionately stout. The paraoccipital process is small, robust and close to the auditory bulla ( fig.  3B ). The incisive foramina are short and subrectangular in outline, with more or less straight lateral margins (in some specimens the lateral margins are slightly concave, but the paired foramina are never teardrop shaped), and they do not extend posteriorly to the level of M1. The maxillary portion of the septum is comparatively wide (fig. 4B) . A median process on the posterior palatal margin may be present or absent. The posterolateral palatal pits are small, shallow, and posterior to M3; usually two or three pits are present on each side of the posterior palatal, but only one pit was found unilaterally in 10 of 75 specimens examined. The auditory bullae are more or less flask shaped, with short and wide bony eustachian tubes. The carotid canal has a small aperture ( fig. 11) . In frontal view ( fig. 5B ), the infraorbital foramen is narrow, and the zygomatic plate is slim and delicate. The maxillary toothrow is short in proportion to the diastema. The first upper molar (M1) is oval in occlusal outline, the anterocone is rounded and contains a small internal fossette ( fig. 6B, C) , and the anteromedian flexus is usually weakly developed (observed mainly in specimens of age classes II and III); the anteroloph is usually fused with the anterocone ( fig. 6B ) and, in some specimens, it is short (not reaching the labial margin of the tooth), straight, and slender (fig. 6C) ; the anteroflexus is missing; the mesoloph is narrow but robust, straight, and extends to the labial cingulum; the posteroloph is short and slim; the paraflexus is distinct and large, and the mesoflexus is also distinct but variable in length; the metaflexus is distinct and very long; the posteroflexus is a short internal fossette, whereas the protoflexus and hyploflexus are very distinct. M2 is approximately square in occlusal outline and exhibits a distinct internal fossette; the anteroloph is slender but conspicuous; the mesoloph is slightly curved or straight; the posteroloph is distinct and wide; the paraflexus is distinct and long; the mesoflexus is short; and the metaflexus is very long. M3 is small, almost half the size of M2, and is subtriangular in occlusal out- line. This molar has a short but distinct anteroloph, a short paraflexus, and the distinct metaflexus is a small fossette.
On the mandible, the anteromedian flexid of m1 is usually absent; the anterolophid is fused with the anteroconid; the mesolophid is poorly developed and usually fused lingually with the entoconid; the posterolophid is also fused with the entoconid; the metaflexid is relatively long and usually in contact with the mesoflexid, which is also very long; the entoflexid is reduced as a small fossette; and the protoflexid and hypoflexid are clearly evident. On m2 the anterolabial cingulum is very slender; the protoflexid is distinct but short and not very deep; the hypoflexid is long and deep; the mesoflexid is long; the mesolophid is usually fused with the entoconid, and the entoflexid is not evident; the posterolophid is wide and fused at the lingual margin of the tooth with the entoconid. On m3 the protoconid, metaconid, and hypoconid are well developed; the protoflexid is very short or not evident; the hypoflexid is well developed; the mesoflexid and posteroflexid are clearly noticed as a small fossetid; the mesolophid and entoconid are fused and not well defined, while the posterolophid is clearly evident.
Karyotypes: Conventional cytogenetic preparations were made for three specimens (MUSM 44964, a female; and MUSM 44963 and 44968, both males). The karyotype (2n = 48, FN = 50) consists of two pairs of small metacentric autosomes and 21 pairs of acrocentric autosomes (of which one pair is large, 11 are medium, and nine are small); the X chromosome is submetacentric, whereas the Y chromosome is a small acrocentric (figs. 7A, 7B). Distribution and sympatry: Based on specimens examined (appendix 1) and the descriptions by Tirira (2007) and Hice and Velazco (2012) , Neacomys rosalindae is distributed north of the Amazon River in northeastern Peru (Amazonas and Loreto departments) and eastern Ecuador (Pastaza and Napo provinces), where the species has been reported from different types of lowland primary forest, such as varillal, monte alto, and franco arcilloso (Álvarez, 1997; García et al., 2003, Hice and Velazco, 2012) . Neacomys rosalindae occurs sympatrically with N. amoenus.
Comparisons: Neacomys rosalindae could be confused with several other small-bodied species from western Amazonia, including N. minutus, N. musseri, and N. macedoruizi. In addition, N. rosalindae merits comparison with the northwestern South American species N. tenuipes, because some Ecuadorian specimens were earlier confused with it (Lawrence, 1941) .
Neacomys rosalindae differs from N. musseri by its smaller caudal scales (17-24 rows/cm versus 16 rows/cm, on average, in N. musseri; Patton et al., 2000) ; carotid circulation pattern 1 (versus pattern 2 [sensu Voss, 1988] ); shallow (versus deep) M1 anteromedian flexus; smaller subquamosal fenestra; shorter incisive foramina; and a karyotype of 2n = 48, FN = 50 (versus 2n = 34, .
Neacomys rosalindae differs from N. minutus principally by its more globose skull and shorter rostrum (table 1); gently curved and smoothly divergent (versus straighter and more strongly divergent) supraorbital ridges; smaller subsquamosal fenestra and postglenoid foramen; shorter, subrectangular (versus teardrop-shaped) incisive foramina; wider maxillary portion of the septum of incisive foramina; presence of more than one posterolateral palatal pit on each side (versus a single large pit; fig. 4A, B) ; and a karyotype of 2n = 48, FN = 40) .
Neacomys rosalindae differs from N. tenuipes by its shorter (versus longer) outer toes (Voss et al., 2001: table 19; Weksler and Bonvicino, 2015) ; relatively longer and less distinctly bicolored tail (tables 1, 2); pure white (versus sometimes buffy or orange) ventral fur; inconsistent presence of an orange lateral line (versus an always-conspicuous orange lateral line); a smaller and globose versus a longer skull (CIL, table 1); an interorbital region with posteriorly divergent lateral margins (versus an hourglass-shaped interorbit); smaller subsquamosal foramen; shorter rostrum (RL, table 1); shorter toothrow (MTR, table 1); an oval (versus rectangular) M1 with a weak (versus a conspicuous) anteromedian flexus; and 2n = 48 (versus 2n = 56) chromosomes.
Neacomys rosalindae differs from N. macedoruizi by its pure white (versus gray-based) ventral hairs, shorter incisive foramina with a wider maxillary part of the septum, slightly (versus strongly) divergent supraorbital ridges, smaller subsquamosal and postglenoid openings, a narrower infraorbital foramen ( fig. 5 ), rounded (versus straight) outer border of the M1 anterocone, shallow (versus deep) anteromedian flexus on M1, the presence (versus absence) of an internal fossette on the anterocone ( fig. 6 ), and 2n = 48 (versus 2n = 28) chromosomes.
Neacomys rosalindae is easily distinguished from its sympatric congener N. amoenus by its size (e.g., HBL <80 mm versus HBL >80 mm), smaller hind feet (HF <22mm versus HF >22), smaller caudal scales (17-24 scale rows per cm versus 14-16 scale rows per cm), paler dorsal coloration, shorter maxillary toothrows (MTRL <2.75 mm versus MTRL >3.00 mm), and subrectangular (versus teardrop-shaped) incisive foramina.
Remarks: Neacomys "sp. nov. " reported by Hice and Velazco (2012) from the AllpahuayoMishana Reserve southwest of Iquitos in the department of Loreto (Peru) agrees with the features of N. rosalindae. Similarly, specimens determined as N. minutus (MUSM 17605, 17623, 17624, and 17714) by Hurtado and Pacheco (2017) from the Pucacuro River in the department of Loreto are also assigned here to N. rosalindae. Additionally, Lawrence (1941: 427) reported two specimens from "Curaray, Ecuador" 4 (AMNH 71539, 71540) as N. tenuipes that were subsequently reidentified by Hurtado and Pacheco (2017) as N. amoenus carceleni; however, according to our own examination of both specimens, they are, in fact, N. rosalindae. Moreover, as will be clarified in the molecular section of this paper, specimens from Yasuni National Park in eastern Ecuador (Napo province) that Patton et al. (2000: table 22 ) referred to as N. "sp. clade 3" are also N. rosalindae.
Etymology: The species is named in honor of Rosalind Franklin (1920 Franklin ( -1958 , whose pioneering X-ray diffraction studies of DNA structure were an important milestone of 20th century biology.
Molecular Results
Phylogenetic trees obtained with ML and BI strongly support the monophyly of Neacomys, which includes 14 highly divergent clades organized in three main groups. Following Hurtado and Pacheco (2017), we refer to the latter as the paracou, spinosus, and tenuipes groups (fig.  12) . The new species, N. macedoruizi and N. rosalindae, were both recovered as members of the tenuipes group. Within the tenuipes group, the two species described as new in this report form a weakly supported cluster together with two other western Amazonian taxa, N. minutus and N. musseri. Unfortunately, basal relationships within this western Amazonian complex are not convincingly resolved, although N. rosalindae was recovered as the weakly supported sister group to all the others. In addition to Peruvian sequences newly obtained by us, N. rosalindae includes several sequences from eastern Ecuador (Yasuni National Park) that Patton et al. (2000) previously referred to "Neacomys sp. clade 3. " The monophyly of this species is strongly supported and, despite its wide geographic range across eastern Ecuador and northeastern Peru, it exhibits minimal intraspecific divergence (only 0.90%; appendix 3).
By contrast, Neacomys macedoruizi was recovered with strong support as belonging to a cluster that includes two haplogroups currently associated with the name N. minutus. Although the relationship is not strongly supported (bootstrap value = 56, posterior probability = 88), N. macedoruizi appears to be the sister taxon of the so-called upriver clade of N. minutus (sensu Patton et al., 2000) . 5 Uncorrected pairwise distances among the three haplogroups in this cluster (the upriver and downriver clades of N. minutus plus N. macedoruizi) are in the range of 4.9%-7.7% (appendix 3).
Morphometric Analyses
Principal components analysis shows a clear morphometric separation between Neacomys rosalindae and its closest relative, N. minutus ( fig. 13A ). The first two components together explained 62.72% of the total variance, and PC2 (which accounts for 12.05%) accounts for most of the interspecific separation in this bivariate plot. The variables RL, RW-2, MB, and CD contributed to the differentiation. Not surprisingly, MANOVA found a significant difference between these obviously divergent species (λ = 0.15, p <0.05).
Less convincingly, PCA shows a tendency of separation between N. minutus and N. macedoruizi. The axis of species separation is most closely aligned with PC 2 (fig. 13B) , on which MB, CB, and BB were the variables that contributed the most. However, MANOVA found no significant difference between these two species, plausibly because of our very small sample for M. macedoruizi.
Lastly, PCA suggests that Neacomys rosalindae is partially but incompletely separated morphometrically from N. tenuipes, the species with which it has sometimes been confused by previous researchers (fig. 13C ). In this analysis, PC1 explains 79.45% of the total variance and is strongly correlated with the variables CIL and BB, whereas PC2 explains only 9.44% of the refer to cyt-b sequences generated in this study. MUSM45053_KY859732  MUSM45054_KY859731  MUSM15993_KY886325  MUSM15994_KY886324  MUSM44967_KY859756  MUSM45718_KY859745  MUSM45729_KY859751  MUSM45717_KY826416  MUSM45716_KY859748  MUSM44972_KY859759  MUSM45721_KY859746  MUSM45728_KY859752  MUSM45727_KY859753  MUSM45734_KY859754  MUSM17717_KY886318  MUSM45731_KY859747  MUSM45733_KY859750  MUSM45730_KY859749  MUSM44964_KY859755   VPT4794_KY859763  MUSM44969_KY859760  MUSM44966_KY859757  MUSM44968_KY859758  MUSM44971_KY859761  MUSM44963_KY859762 Neacomys guianae Neacomys sp. "clade 6" Neacomys musseri
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Neacomys minutus "downriver" Neacomys minutus "upriver" variance. Also, the MANOVA shows that both species differ significantly (λ = 0.23, p <0.05, fig. 13C ). Factor loadings for each analysis are provided in appendix 4.
DISCUSSION
Only two valid species of small-bodied Neacomys were previously known from western Amazonia, so the additional species described as new in this report add substantially to the diversity of the genus in this still-incompletely inventoried region. Additionally, the results reported herein have implications for several aspects of the systematics and biogeography of spiny mice, once thought to comprise just three species (Cabrera, 1961) , but which may, in fact, be among the most diverse genera of living oryzomyines.
Among other noteworthy results, our phylogenetic analyses corroborate the monophyly of the large-bodied species of Neacomys (the spinosus group of Hurtado and Pacheco, 2017) as well as the paraphyly of the small-bodied species. The latter conclusion follows from the fact that N. paracou (comprising the monotypic paracou group), a small-bodied species, is the sister taxon to all other species in the genus. The other small-bodied species, comprising the tenuipes group, is the sister taxon of the large-bodied species. Although these groups were also recovered by Hurtado and Pacheco (2017) , the tenuipes group is only weakly supported in our analyses (as in those by Catzeflis and Tilak, 2009) . Therefore, additional studies incorporating more individuals and additional molecular markers are clearly needed to verify the monophyly of the tenuipes group and the relationships among the species that belong to it. Patton et al. (2000) reported that Neacomys minutus included two highly divergent haplogroups (informally referred to as the "upriver" and "downriver" clades), and despite highly significant morphometric differences between these haplogroups (based on discriminant analyses), they treated this species as monotypic. However, our molecular analyses, which recovered N. macedoruizi as the weakly supported sister taxon of the upriver clade, further support the notion that N. minutus (sensu Patton et al., 2000) is, in fact, a species complex. Because the holotype of N. minutus belongs to the downriver clade (hereafter, N. minutus sensu stricto), it is the upriver clade that currently lacks a name (contra Weksler and Bonvicino, 2015) . Although the genetic distances estimated among N. macedoruizi, N. minutus sensu stricto, and the upriver clade of N. minutus are among the lowest yet reported for interspecific comparisons in the genus (4.9%-7.7%; appendix 3), they are still within the range of interspecific distances previously reported among congeneric mammalian species (Bradley and Baker, 2001; Baker and Bradley, 2006) , and they are much higher than estimated levels of intraspecific genetic variation (0.5%-3.2%; appendix 3).
Similarly, Patton et al. (2000: 94) suggested that Malygin and Rosmeriak´s specimen (= Neacomys sp.) from Jenaro Herrera, Loreto, could be the same as N. "sp. (clade 3), " but the karyotype described by Aniskin (1994: fig. 19 ) of this species clearly shows that is not N. rosalindae. On the contrary, the karyotype of Aniskin's unnamed species (2n = 30-32 plus 1-6 B fig. 75B, C) . Both karyotypes are the only ones with three pairs of large acrocentric chromosomes and only one pair of medium-sized submetacentric chromosomes, which also (in both Aniskin's and Patton et al. 's studies) are described with the same heteromorphic states: (1) one submetacentric and two acrocentric chromosomes or (2) two pairs of acrocentric chromosomes. Patton et al. (2000: 110) interpreted this variation as Robertsonian polymorphism, which they observed for specimens of both the upriver and the downriver clades of N. minutus. Therefore, it seems likely that Aniskin's and Malygin and Rosmeriak's specimens correspond to the upriver clade of N. minutus, an inference that is also supported by our sequencing results.
Crucially, the karyotypes of Neacomys rosalindae (2n = 48, FN = 50) and N. macedoruizi (2n = 28, FN = 36) differ strikingly from those of other small-bodied species of Neacomys in both chromosome number and morphology. Among other differences, N. rosalindae is unique in having only two pairs of small metacentric chromosomes, whereas other species from western Amazonia and those from the Guiana Region have three or more metacentric pairs (table 3; Aniskin, 1994: fig. 19 ; Patton et al., 2000: fig. 75; da Silva et al., 2015: fig. 2; da Silva et al., 2017: fig. 2,3) . Moreover, N. macedoruizi and N. musseri are the only small-bodied species that have a single pair of large metacentrics. Therefore, given the hypothesized role of karyotypic differences as primary isolating mechanisms (White, 1973 (White, , 1978 Rieseberg, 2001; Faria and Navarro, 2010) and barriers to introgression (Feder and Nosil, 2009) , the divergent karyotype of N. macedoruizi provides compelling evidence that it is specifically distinct from the two lineages currently referred to N. minutus. Most species of Neacomys retain a large number of acrocentric chromosomes with the same configuration (one large pair and many medium-to-small pairs) and also retain three pairs of small metacentrics (table 3) . Based on karyotypic similarities and our phylogenetic results, we agree with da Silva et al. (2015) that the karyotype of N. paracou (2n = 56, FN = 62/66) could resemble the ancestral karyotype of the genus, particularly since da Silva et al. (2015) found homologies among the acrocentric chromosomes in all species of Neacomys. We hypothesize that karyotypic diversification happened independently, at least three times in the genus. Two such events may have resulted in increases of diploid number, once in N. amoenus 6 and separately in the clade N. dubosti + N. "sp. clade 7," both probably due to centric fission (da Silva et al., 2015) . A third event probably involved only species from western Amazonia (the N. minutus complex, N. musseri, and N. rosalindae) , where a clear reduction of the diploid number is evident (range 28-48), probably the result of Robertsonian changes in N. macedoruizi and N. musseri. Diploid numbers in N. tenuipes and N. guianae are similar to that in N. paracou (2n = 56), but no other comparisons are possible due to the unknown chromosomal morphology of the former two species. Further studies are needed to fill these and other gaps (e.g., the completely unknown karyotype of the Central America species N. pictus) and to properly understand karyotypic evolution in Neacomys.
The distribution of small-bodied Neacomys in Amazonia appears to be bounded mainly by rivers ( fig. 14) . In western Amazonia, N. rosalindae is distributed only north of the Amazon/ Marañón (in the Napo region of da Silva et al., 2005) , whereas the N. minutus complex and N. musseri occur south of the Amazon (in the Inambari region; da Silva et al., 2005) , suggesting that the upper Amazon is likely an important barrier for these taxa and possibly a driver of speciation. South of the Amazon, N. macedoruizi was recorded only on the left bank of the Huallaga, and N. minutus and N. musseri only on the right bank of the Ucayali River, but faunal sampling is still too sparse in this region to address the possible biogeographic significance of those rivers. More collections of small-bodied Neacomys are needed, especially in the PacayaSamiria basin-between the Huallaga and Ucayali rivers-to determine which (if any) species of small-bodied Neacomys occur there.
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